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Remission Maintenance Therapy in
Acute Myelogenous Leukemia
STEPHEN H. EMBURY, MD; LAURENCE ELIAS, MD; PHILIP H. HELLER, MD, PhD;
CHARLES E. HOOD, MD; PETER L. GREENBERG, MD, and STANLEY L. SCHRIER, MD,
Stanford

Because no conclusive evidence as to the efficacy of maintenance chemother-
apy in acute myelogenous leukemia (AML) existed, a study to obtain such
information was done. Twenty-six adult patients with AML in whom complete
remission had been achieved following induction chemotherapy were randomly
assigned to receive either maintenance chemotherapy consisting of cytarabine
and 6-thioguanine for two days each month or to receive no maintenance ther-
apy. The data showed a significant difference in remission duration between
the two groups, with median remission lengths for the maintained and unmain-
tained groups being 10.3 and 6.7 months, respectively (p<.05). In 46 percent of
the maintained patients there were remissions lasting longer than 11 months,
whereas in none of the unmaintained patients was there such a prolonged re-
mission. No significant drug-induced toxicity was observed. That the prolonged
exposure to these chemotherapeutic agents, which were also used in our induc-
tion program, did not adversely affect the rate of successful reinduction therapy
was shown by identical 50 percent complete remission rates for second induc-
tions in both groups. In patients with palpable splenomegaly at the time of
diagnosis, there was no prolongation of remission with maintenance therapy.
These data indicate the potential utility of maintenance chemotherapy for
prolonging remission duration in acute myelogenous leukemia.

DESPITE a lack of conclusive evidence, it has
been assumed that maintenance chemotherapy is
useful in the management of acute myelogenous
leukemia (AML). This assumption is related to
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the established effectiveness of such therapy in
acute lymphocytic leukemia.1 2 However, the
single controlled study suggesting efficacy of
maintenance therapy in AML3 had an exceedingly
brief remission duration in the unmaintained
group and failed to show this advantage when
the dose of the chemotherapeutic agent, cytara-
bine, was increased. Other controlled studies of
AML maintenance therapy4 failed to show an ad-
vantage of mercaptopurine or of combination
therapy with vincristine, methotrexate, mercapto-
purine and prednisone compared with no mainte-
nance therapy. Owing to a lack of concurrently
unmaintained controls in recent studies,5-7 it has
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ABBREVIATION USED IN TEXT
AML-=acute myelogenous leukemia

been difficult to determine if the improved results
have been the result of heavy maintenance therapy
or modern induction programs. Recent reports on
maintenance immunotherapy and chemotherapy
lack untreated control groups and do not show a
pronounced advantage of this type of treatment
compared with chemotherapy alone.8

In order to determine if the implied theoretical
advantage of maintenance therapy9 outweighed
the risk of its toxicity, we carried out a study com-
paring maintenance chemotherapy with no main-
tenance therapy in patients with AML in complete
remission. When complete remission was docu-
mented, patients received a course of consolida-
tion therapy which consisted of cytarabine and
6-thioguanine given over two days. The group re-
ceiving maintenance therapy received monthly
treatment identical to consolidation therapy,
while the other group received no further chemo-
therapy.

Materials and Methods

Patient Group

The patients in the study of maintenance ther-
apy included 22 adults with AML (acute myelo-
blastic, monocytic or myelomonocytic leukemia),
two with promyelocytic leukemia and two who
had subacute myelogenous leukemia before con-
version to classical AML. Patients had received no
previous therapy for AML and there had been
complete remission with standardized induction
regimens supervised by the Stanford University
Hematology Division. The median age of patients
entered on the study was 45 years, with a range
of 18 to 72 years.

Remission Induction Regimen

The induction program was modified from the
programs of Clarkson, Gee and colleaguesG' 7"0 by
the addition of daunarubicin. With minor modifi-
cations therapy was administered as follows:
daunarubicin, 60 mg per sq meter by rapid intra-
venous infusion, was given on the first day. This
was followed in 12 hours by cytarabine, 3 mg
per kg of body weight by rapid intravenous in-
fusion, and 6-thioguanine, 2.5 mg per kg of body
weight given orally. Administration of the last
two agents was continued every 12 hours until

biopsy-proven marrow hypoplasia was achieved.
A second dose of daunarubicin between days 7
and 10 was nearly always given, the dose varying,
depending on the cellularity of a marrow biopsy
specimen. Changes in therapy from the original
program'0 were undertaken so as to shorten the
treatment program and decrease the time at risk
from severe neutropenia and thrombopenia. That
this was achieved is reflected in the shorter treat-
ment period required to reach hypoplasia with the
current drug program (15.4 ± 7.0 days, mean +
SD) compared with our earlier regimen" employ-
ing only a single daily dose of cytarabine and 6-
thioguanine (23.8 ± 12.3 days) (p <.O1, Student's
t test).

During induction, patients received general
ward care and oral mycostatin fungal prophylaxis.
The induction and support therapy was admin-
istered under general ward care by the Stan-
ford University medical house staff. Combination
antibiotics were administered for documented or
suspected sepsis, and amphotericin B was used
in patients with proven or suspected fungal in-
fection. Prophylactic random donor platelet
transfusions were given when the platelet count
descended be'low 10,000 per cu mm. Patients
showing no rise in platelet count following
random donor platelet transfusion received, when
possible, platelets from related donors in order to
obtain at least partial histocompatibility. No pa-
tient in this study received granulocyte transfusion
or barrier isolation.
The characteristics of this induction pro-

gram are exemplified by the courses of the last
30 consecutive patients admitted to the induc-
tion protocol, which included 18 of the 26 pa-
tients evaluated in the maintenance study. In
19 patients (63 percent) complete remission was
achieved and in 8 (27 percent) there was partial
remission. The induction is characterized by a
period of chemotherapy to hypoplasia of 15.4+±
7 days (mean ± SD), a period from marrow hypo-
plasia to rising platelet or neutrophil counts of
12.3 ± 5.5 days, a neutropenic (absolute neutro-
phil count <500 per cu mm) period of 26.3±
7.5 days, a thrombopenic (nontransfused plate-
let count <10,000 cu mm) period of 23.6±11.2
and an incidence of presumed and documented
sepsis of 97 percent (one of 30 inductions was
without sepsis). The median age of these last 30
patients is 50.5 years, with a range of 16 to 74
years.
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Consolidation Therapy
Consolidation therapy was given at the time

complete remission was documented, usually three
to four weeks after sustained rise in either plate-
let or neutrophil count began. The criteria for
complete and partial remission have been previ-
ously described.'2 Consolidation therapy con-
sisted of four four-hour infusions of cytarabine,
75 mg per sq meter, given every 12 hours and
two oral doses of 6-thioguanine, 2.5 mg per kg
of body weight, given every 24 hours.

Maintenance Therapy
At the time of consolidation informed consent

was obtained and patients were randomly assigned
to a group to receive either a monthly course of
maintenance therapy identical to the consolida-
tion therapy or to a group to receive no mainte-
nance therapy. Patients in both groups were
evaluated identically, in that they were seen
monthly for thorough clinical evaluation, includ-
ing complete blood count, platelet count and tests
of bone marrow aspirate. This study was approved
by the Stanford Medical Center Human Experi-
mentation Committee.

Analysis
Duration of complete remission was calculated

from the time of consolidation and marrow docu-
mentation of complete remission to the time
when clinical relapse occurred. In five patients
who did not receive consolidation, remission was
dated from the time of marrow documentation of
complete remission. Survival was dated from
time of diagnosis to death with the exception of
the two patients with subacute myelogenous leu-
kemia in whom survival was dated from the time
of their conversion to classical AML.

Advice on statistical analysis was given by
Dr. Rupert Miller and analyses were by the two-
tailed modified Wilcoxon test,13 unless otherwise
specified.

Results
Thirteen patients were randomly assigned to

each study group. There is a distinct advantage of
the maintenance program used, as shown by the
significantly longer duration of remission for pa-
tients in this group (Figure 1, Kaplan-Meyer Ac-
tuarial Plot) (p<.05). The median duration of
remission for the maintained and nonmaintained
groups were 10.3 and 6.7 months, respectively.
Furthermore, there were significantly more long

z
0

0-
FZ
ccz
0.-

a.

P:

1.0 l l

*.I MAINTAINED
0.8 *I --- NON MAINTAINED

r @1 0 IN REMISSION

0.6 10 RELAPSED

0.4 * *_
*. 01

0.2
o
0 0

0-
0 S I I I 0,
0 6 12 18 24 30 36 42
MONTHS FROM ATTAINMENT OF COMPLETE REMISSION

Figure 1.-Remission duration of patients randomly
assigned to maintenance or no maintenance therapy.

remissions (defined as lasting at least 11 months
following consolidation) in the maintained group
as compared with the nonmaintained group, 46
percent versus 0 percent (p<.05, x2 corrected)
(Figure 1). Through various protocol misadven-
tures, five patients in the group not receiving
maintenance therapy failed to receive consolida-
tion therapy. Comparison of this subgroup to the
remainder of the nonmaintained group showed
no difference in remission duration (p >0.1).
Comparison of the consolidated patients in the
maintained (13 patients) and nonmaintained (8
patients) groups indicated that the maintained
group still had a significantly longer duration of
remission (p<.04).
No drug-induced renal or hepatic toxicity or

significant cytopenia was observed. Nausea and
vomiting were seen only during the administration
of chemotherapy, usually with the first infusion of
cytarabine.

Since long remissions occur so infrequently in
AML the incidence of long remissions was ana-
lyzed with respect to the following clinical fea-
tures: age at presentation, sex, presence of sple-
nomegaly, lymphadenopathy, leukocyte count,
blast count, platelet count, fever, number of days
of chemotherapy required to reach hypoplasia,
doses of drugs required to reach hypoplasia, and
number of days from documented hypoplasia to
ascending platelet or neutrophil count. Our anal-
ysis showed that only presenting palpable spleno-
megaly was useful for predicting remission dura-
tion. In the maintained group, in which all long
remissions occurred, the spleen was palpable in
none of the six patients with long remissions,
whereas in five of the nine patients with shorter
remissions there were palpable spleens (p<.05).
All nonmaintained patients had short remissions,
six with palpable splenomegaly and seven with-
out. Combining maintained and nonmaintained
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Figure 2.-Remission duration of the maintained and
nonmaintained patients. Upper, with palpable spleno-
megaly at the time of diagnosis. Lower, without palpable
splenomegaly at the time of diagnosis.

groups showed that palpable splenomegaly was

of negative prognostic value for long remission
(p< .04). The further significance of presenting
splenomegaly is shown by analyzing the result of
maintenance chemotherapy on remission length
in the combined groups with and without spleno-
megaly (Figure 2). In those patients without
splenomegaly there were longer remissions if
maintenance therapy was given, whereas in those
patients with splenomegaly remissions were short
whether or not maintenance therapy was given
(p <.05).

Analysis of the results of subsequent remission
inductions with the same induction regimen ac-

cording to whether or not the patient had received
maintenance chemotherapy during the first remis-
sion showed no difference between the two groups.
Of the eight previously maintained patients receiv-
ing a second course of induction, complete remis-
sion was achieved in four (50 percent), and of the
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Figure 3.-Duration of survival of the patients receiving
or not receiving maintenance therapy.

12 previously unmaintained patients receiving re-
induction, there was complete remission in six (50
percent).

Four additional randomly assigned patients
(two in each group), were not'included in anal-
ysis of remission duration because they relapsed
four to five weeks after consolidation, before the
first maintenance course was due, and in this
analysis their brief remissions would not have re-
flected differences in the two approaches. These
four patients were, however, included in the anal-
ysis of survival where no difference was noted be-
tween the 15.4-month median survival of the
maintained group and the 15.6-month median
survival of the nonmaintained group (p> .9)
(Figure 3).

Discussion
This study has shown that a nontoxic mainte-

nance chemotherapy regimen prolongs the dura-
tion of remission in patients with AML. Median
remission duration of maintained patients was
10.3 months, as compared with 6.7 months for
patients receiving no maintenance therapy. Of
the patients receiving maintenance therapy there
were remissions lasting more than 11 months in
46 percent, as compared with no such long re-
mission in the unmaintained group. Compared
with a more intensive maintenance chemotherapy
regimen,6 this program entailed fewer days of
therapy, was less myelotoxic and produced a
comparable remission duration, but it yielded
shorter overall survival. Although the cause for
the shorter survival is unclear, the similar remis-
sion length implies that the difference lies not in
the maintenance program, but in different results
of salvage therapy following relapse. This dif-
ference may represent a variable severity of re-
lapse which in turn may be a function of the in-
tensity of earlier induction and consolidation
therapies.
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Current reports of long remission duration5-8" 4"15
employ both high dose maintenance therapy and
modern induction programs, making it difficult to
discern which modality is responsible for the im-
proved results. A recent preliminary report
showed no difference in remission duration or
survival in comparing no maintenance therapy
with high dose maintenance therapy.'- Other com-
parative controlled data regarding the usefulness
of maintenance therapy in AML are found only in
studies conducted before the development of
modern induction programs and fail to conclu-
sively resolve the issue.3'4
The finding of significantly more remissions

lasting longer than 11 months occurring in our
group receiving maintenance therapy raises the
possibility that such therapy may enhance the
potential for prolonged remission. Although long
remissions and survivals were occasionally seen
in AML before modern therapy regimens,'7-21 an
increasing incidence of such events7'14 raises the
possibility that certain programs are capable of
achieving this effect. Further efficacy of postin-
duction therapy in remission prolongation has
recently been reported using late intensification
chemotherapy.22

The suspected efficacy of maintenance therapy
is based not only on the advances seen in acute
lymphocytic leukemia," 2 but also on several theo-
retical arguments. It has recently been shown that
morphologically normal peripheral leukocytes
from patients with AML in remission contain RNA-
dependent DNA polymerase, the marker previ-
ously believed to have been specific for leukemic
cells.23 As the authors suggest, chemotherapy may
be instrumental in the transition of the leukemic
clone into a nonneoplastic clone which expresses
only this viral function merely as a marker. A
further theoretical consideration favoring mainte-
nance therapy would argue from the kinetic view-
point that the morphologically undetected leu-
kemic cells persisting in remission have a high
growth fraction concomitant with a reduced leu-
kemic cell burden9 and are thus more susceptible
to cell cycle stage specific agents.24 Assuming
similar kinetics for leukemic and normal precur-
sor cells, intermittent infusions were chosen be-
cause previous studies with several of our patients
had shown that this type of therapy was capable
of causing pronounced reduction in the number of
granulocytic progenitor cells in DNA synthesis.25
We chose a maintenance program that was not

significantly myelotoxic because there was no

previous evidence showing efficacy of mainte-
nance therapy. The program chosen required two
days per month in hospital and permitted nearly
normal activity, a goal which has been recently
emphasized.26 Furthermore, theoretical arguments
could be advanced for a potential detrimental
effect of chemotherapy on AML in remission if
such therapy were to disturb a balance between
emergent normal "feeder" stem cells and leukemic
"sleeper" stem cells, postulated to exist during
remission.27

Patients with palpable splenomegaly did not
respond to maintenance chemotherapy with
lengthened remission. However, in a study em-
ploying more intensive chemotherapy,7 spleno-
megaly had been found to be of no prognostic
significance. These contrasting observations, along
with the suggestion that splenectomy during re-
mission of childhood AML prolongs remission,28
indicate that methods of reducing the splenic
tumor burden to the point where it is no longer a
determinant of remission length bear further in-
vestigation.

It has been shown that prolonged cytarabine
therapy can induce elevation of cytidine deami-
nase levels concomitant with resistance to the
drug.29 The fact that reinduction with our DAT
program following initial relapse produced identi-
cal remission rates in those who had received
maintenance therapy and those who had not, indi-
cated that the maintenance regimen does not uni-
formly induce clinically significant drug resistance.

In this study, the efficacy of maintenance ther-
apy was not reflected by increased survival. How-
ever, since the patients were not managed in a
consistent manner following relapse (some pa-
tients even electing to undergo no further induc-
tion therapy), the effect of maintenance therapy
on survival is difficult to evaluate in this study,
and the data that can be evaluated end with the
first relapse.
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Initial Screening in Patients with Blood in Stool
During a routine rectal examination, a positive stool guaiac is found. What pro-
cedures should be followed to discover the source of the bleeding?

I think the initial screening that we would do probably would be sigmoidoscopy
followed by barium enema. Certainly lesions in the upper tract also bleed, certainly
the teeth can bleed and the nose can bleed and give a positive stool guaiac. We
start with a physical examination of the patient anid evaluation, and then listen
to symptomatic history. And if we don't have any symptomatic history and no
potential lesions, then I think we probably would start from the bottom up and
then work down from the top. And I think if there was no lesion on any of our
screening tests and blood persists in the stool . . . then at that point, one might
consider an endoscopic evaluation, be it colonoscopy or upper gastrointestinal
endoscopy.

We're engaged in a program of trying to evaluate just this problem. And our
procedure is . . . a physical examination, protoscopy barium enema and flexible
colonoscopy. We've had an extremely low incidence of false positives. We found
significant pathology in just about everybody who had a repeat positive Hemoc-
cult® slide. And strangely, very few of these cases were diverticular disease;
most of them were polyps or cancer, or both.

-MAUS W. STEARNS, JR, MD, New York, NY
HARVEY W. OLSEN, San Francisco
Extracted from Audio-Digest Suirgery, Vol. 23, No. 14, in the
Audio-Digest Foundation's subscription series of tape-recorded
programs. For subscription information: 1577 East Chevy
Chase Drive, Glendale, CA 91206.
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